The work is a continuation of research on the use water mist cooling in order to increase efficiency of die-casting aluminum alloys. The paper presents results of research and analysis process, spraying water and generated a stream of water mist, the effect of the type of nozzle, the nozzle size and shape of the emitting of the water mist on the wall surface of casting die on the microstructure and geometry of water mist stream and cooling efficiency. Tests were used to perform high-speed camera to record video in the visible and infrared camera. Results were used to develop a computerized image analysis and statistical analysis. The study showed that there are statistical relationships between water and air flow and geometry of the nozzle and nozzle emitting a stream of microstructure parameters of water mist and heat the incoming stream. These relationships are described mathematical models that allow you to control the generating of adequate stream of water mist and a further consequence, the cooling efficiency of casting die.
Introduction
The ongoing work is a part of studies on the application of water mist system for multiple sequential cooling of casting die to produce silumin castings [1] [2] [3] [4] [5] [6] [7] . Currently, the industry uses two methods of cooling permanent molds -the first consisting of the heat received by compressed air, which is very energy intensive due to the low efficiency of heat transfer through the air and cooling the water. The essence of the research is the efficient cooling mist of water through evaporation of water droplets on a hot surface of the chill. An analysis of the literature and preliminary studies indicate that the efficiency of removing heat from the wall by the stream of chill fog is largely determined by the characteristics of the generated stream flow resulting from the amount of air and water in the mist of water, spray water and the shape and size of the emitting fog nozzles used water-cooled wall of the casting die.
The aim of this study was to investigate the effect of water spraying conditions and parameters of water and air flow on the geometry and microstructure of the stream and also the effect of size and shape of the nozzle emitting water mist on cooling efficiency of casting die.
Experimental
The research was conducted at the position shown in Figure 1 Water mist produced in the unit (8) as a result of dispensing selected amounts of water flow and compressed air. Water spray was used is shown schematically in Figure 2 sprays: eddy and jet, which generate water droplets in the compressed-air channel transporting water mist to jet-emitting it to the cooled surface of the chill. It was examined use of the cooling emitting nozzles with circular and rectangular cross-sectional area sizes ranging from 24 133 * 10 -6 m 2 . Investigations of effectiveness of spraying water and generating of the mist and also cooling efficiency of casting die realized for parameters range 150÷600 l/min of air and 0.07÷0.6 l/min of water. Studies of microstructure, geometry and kinetics of the stream of droplets was carried out using high-speed camera company Fastec Imaging, camera and computer systems NIS-Elements, Nikon and Corel Draw Graphics Suite X5 for the analysis of images. The study of effectiveness of the heat receiving by water mist stream was performed using the test casting die (2)which made of steel. It was heated electrically with the measurement of energy consumption. Casting die were placed in a heat-insulating sheath (3) in such a way that the heat exchange takes place only by the bottom surface of the circular, which is cooled by emitting water mist nozzle, perpendicular to the surface of the casting die. The temperature inside the die was examined using the displaced in the cold wall type K thermocouples and infrared camera used optris PI's. Statistical analysis of test results and mathematical models were developed using the Statgraphics computer system. Figure 3 presents the methodology for determining the measuring area to study the geometry and microstructure of water mist stream. 
Results
The effect of flow velocity stream of water mist was investigated with the size of the angle, cross-sectional surface area of the nozzle and the amount of water and air on the effectiveness of the incoming heat flux from the hot surface of the casting die. The effect of water and air flow was studied in the range 120÷600 l/min of air and 0.07÷0.6 l/min of water. (Fig. 6 ). The study shows that jet nebulizers are small size and simple construction, and the nature of the degradation of stream depends largely on the speed of water flow. The figure shows that at low flow of water generated stream is uniform and compact at a distance from the nozzle to about 40 mm, while the distance increases further stream is sprayed. Figure 4 shows the stream of liquid flowing from the spray jet of water flow 0.6 l / min. It can extract the following three zones: I -a continuous stream, II -disintegration (transient, the presence of jets and droplets), III-zone drops. Increased pressure and the same amount of water flow stream causes earlier disintegration (reduction of zones I and II) , which is closer to the nozzle. Observed in the case of spray droplet stream formation process due to asymmetric waves occur at speeds of liquid outflow from the nozzle above 1 m/s and decay under the influence of the aerodynamic flow at a speed of about 100 m/s. Figure 5 shows the image recording process of spraying water with use designed swirl jet. In the process we can extract the initial phase -generating membrane of the water, a transitional stage -disintegration of the membrane to the stream due to wave and perforation of the membrane and the disintegration phase of the water jets into droplets. Research shows that the disintegration of liquid jets are similar for the three zones as stream generated from the spray jet. A comparison of the results of spray jet and vortex shows that the zone of continuous membrane resulting from the spray vortex is much shorter and required to initiate degradation of stream flow and water pressure are significantly lower at the same time a much larger diameter holes than for the spray nozzle jet. In addition, the study of spray angle (Fig. 2) shows that the use of spray let to control the values of spray angle of the spray tream of droplets in the range of 51 76°. Their median of equivalent diameter decreases from 15μm to 6 microns. Moreover, the increase of water flow increases the size of droplets generated by spray as well as in stream water mist. Another parameter set of recorded images was the average distance between the water droplets in the mist. This parameter describes the concentration of droplets in a stream of water mist. Figure 9 shows the histogram for the sample distribution of the average distance between drops. Research shows that the most common distance is included in the range 1.5 2.5 mm.
Disintegration of water stream
Based on an analysis of changes in time, a fast-speed camera recorded the instantaneous position of the drops of water in the stream water mist specified average traffic speed drops. Figure 10 shows the comparison of median droplet velocity depending on air flow (150 220 l/min) and water 0.25 0.63 l/min during the generation of water mist. Research shows that the average droplet velocity increases with increasing air flow while generating water mist. Based on recorded research results compiled in Table 1 , the mathematical models equivalent diameter drops, the average speed drops and the concentration of droplets in the generated stream of water mist as a function of air flow (Pp) and water (Pw), the equivalent diameter of the spray droplet (D kr ) and the equivalent diameter in the mist of water droplets (D km ). 
Mean

Influence of shape and size emitting nozzle on geometry of water mist stream and cooling efficiency
The effect of nozzle of diameter from 6mm to 13 mm, adequately cross-sectional area of 28 mm 2 to 132 mm 2 and a nozzle with rectangular cross section with dimensions of the sides of the from 3x8 mm to 6x15 mm and a cross-sectional area ranging from 24 mm 2 to 92 mm 2 was investigated in the work. Figures 11 and 12 show representative test results of impact of the circular nozzle cross-sectional area and the effect of air velocity conveying the water mist on the change spray angle . Research shows that the spray angle increases ranging from 12.9 14.3° with increasing cross-sectional nozzle emitting water mist and reduce with increasing the air velocity (air flow) transporting the water droplets from the swirl jet to the emitting nozzle water mist on the cooled surface of the casting die. A similar dependence exists for rectangular nozzles.
In Figures 13 and 14 show the effect of the nozzle crosssectional area (Pd) on the appropriate amount of incoming heat flux (Sc) from cooled casting die and the temperature field of 66.5 86.5°C, of cooled surface die. Research shows that an increase in cross-sectional area as a circular orifice and a rectangular flow increases the heat received from the cooled casting die. A comparison of the effectiveness of cooling by means of chill mist emitted from a circular nozzle with a nozzle with rectangular cross section shows that in the range up to about 40 mm 2 both types of nozzle receive similar amount of heat flux. Along with an increase in cross-section of the nozzle cooling efficiency through a rectangular nozzle is larger than the circular nozzle. Table 2 shows the binary images cooled casting die surface obtained by computer analysis of thermal images recorded during die cooling with water mist emitted from the nozzle types tested an adjustable flow of water and air. As a result of image analysis identified the areas casting die surface temperature field with average values in the range 66.5÷86.5 C. This temperature range is representative of the incoming heat flux throughout the range of variation of the flow of air and water while generating water mist using spray designed swirl jet. Based on the recorded results of the regression analysis method developed presented in Table 3, according to a mathematical model of heat flux from the characteristic parameters of the cooling process chill, the air flow (Pp) and water (Pw), the nozzle cross-sectional area (Pd) and field-cooled wall surface temperatures casting die (area). the size and droplet velocity, the distance between the droplets in the stream generated mist and casting die cooling efficiency can be described by mathematical models as a function of parameters of the stream water mist, the surface temperature field-cooled of casting die and nozzle geometry.
